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CHAPTER 10. SHIPMENTS ANALYSIS

10.1 INTRODUCTION

Lamp shipment estimates are key inputs to the national energy savings (NES) and net
present value (NPV) calculations. Shipments are also a necessary input to the manufacturer
impact analysis (MIA), which the U.S. Department of Energy (DOE) conducts for its Notices of
Proposed Rulemaking (NOPRs). This chapter describes DOE’s methodology for projecting
annual shipments and presents initial inputs and results for general service fluorescent lamps
(GSFL) and incandescent reflector lamps (IRL)

In the shipments analysis, DOE develops a base case shipment forecast for each lamp
type to depict what would happen to energy use and consumer costs for the purchase and
operation of lamps in the absence of new or revised Federal energy conservation standards. In
determining the base case, DOE considers historical shipments, emerging technologies, the mix
of efficacies sold in the absence of any new or revised standards, and how that mix might change
over time. To evaluate the impacts of standards on GSFL and IRL, collectively referred to in
this rulemaking as the “two categories of lamps,” DOE compares the base case projection with
forecasts of what could happen if DOE promulgates standards (the standards-case). DOE
considers multiple shipments scenarios to characterize both the base case and standards-case
shipments. To determine the cumulative NES and NPV of standards, DOE compares forecasted
shipments of a base case to a standards-case over the NIA analysis period, 2012 to 2042.

The shipments model and the national impacts model are integrated into single Microsoft
Excel® spreadsheets for GSFL and IRL. The two spreadsheets are accessible on the Internet at
http://www.eere.energy.gov/buildings/appliance_standards/. Appendix 11A discusses how to
access the spreadsheets and provides basic instructions for using them. This TSD chapter
explains the shipments models. Section 10.2 presents the shipments model methodology for
GSFL and IRL; section 10.3 describes the data inputs, historical shipments, base case scenarios
and shipments forecasts; section 10.4 discusses the impacts of standards on the mix of lamp
designs and lamp-and-ballast designs; and section 10.5 presents the shipments results for the
different trial standard levels (TSLs).

10.2 SHIPMENTS MODEL METHODOLOGY

In this NOPR, DOE develops separate shipment models for GSFL and IRL. In general, to
forecast shipments for these two categories of lamps, DOE followed a four-step process. First,
DOE used 2001-to-2005 historical shipment data from the National Electrical Manufacturers
Association (NEMA) to estimate the total historical shipments (i.e., NEMA member and non-
NEMA member shipments) of each lamp type analyzed, except for 4-foot T5 MiniBP standard
output and high output lamps, as explained in section 10.3.2.2." Second, DOE calculated an
installed stock of lamps for each lamp type in 2005, based on the average service lifetime of each
lamp type. Third, by modeling lamp purchasing events, such as lamp replacement and new
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construction, and applying growth rate, replacement rate, and emerging technologies penetration
rate assumptions, DOE developed annual shipment projections from 2006 to 2042. DOE also
calibrated its shipments model to reflect confidential shipment data provided by NEMA for 2006
and 2007. Finally, because the shipments of lamp designs and lamp-and-ballast designs (for
GSFL) often depend on their properties (e.g., ballast factor, efficacy, etc.), DOE developed base
case and standards case market-share matrices as another model input. The market-share
matrices characterize the efficacy, power rating, light output, and lifetime of the lamp and lamp-
and-ballast designs. The matrices input the percentage market share of each design into the
shipment model. DOE used these market-share matrices to forecast lamp stock and shipments,
taking into account each design’s respective lifetime, and to determine the aggregate
characteristics of the market (e.g., average light output, efficacy, energy consumption, and power
rating).

10.2.1 General Service Fluorescent Lamps

10.2.1.1 Analyzed Product Classes, Market Sectors, and Market Segments

Consistent with observed market applications, DOE forecast annual shipments for 4-foot
medium bipin lamps in the residential and commercial sectors, 8-foot single pin slimline and 4-
foot TS MiniBP standard output (SO) lamps in the commercial sector, and 8-foot recessed
double contact high output (HO) and 4-foot TS5 MiniBP high output (HO) lamps in the industrial
sector. The shipments model analyzes all lamp types at TSLs which assign efficacy levels for
each product class. For further detail on the TSLs, see chapter 9 of this technical support
document (TSD).

As it relates to 2-foot U-shaped lamps, DOE did not directly model their shipments
because of their relatively small shipments-based market share (approximately 4 percent). Given
the similarity of the 4-foot medium bipin and U-shaped product classes with regard to system
input power and historical shipment trends (which show a decrease in T12 lamps and an increase
in T8 lamps), DOE scaled the results from the 4-foot medium bipin product class to approximate
the NES and NPV of 2-foot U-shaped product class. Because historical shipments of 4-foot
medium bipin lamps were 22 times that of 2-foot U-shaped lamps, DOE used this scaling factor
to approximate the energy savings and net present value for 2-foot U-shaped lamps.

In addition, because GSFL of different correlated color temperatures (CCTs) were not
segregated in the NEMA historical shipment data, DOE decided to analyze and forecast
shipments of each lamp type (e.g., 4-foot medium bipin), and aggregate lamps of low (less than
or equal to 4,500K) and high (greater than 4,500K) CCT. In each case, DOE uses a
representative product class (lamps with CCT less than or equal to 4,500K) to evaluate lamp
designs and believes that the national impacts will be similar for those product classes not
directly analyzed (lamps with CCT greater than 4,500K). By aggregating the low and high CCT
product classes, DOE assumes that there will be no significant migration of shipments or stock
between lamps of different CCTs.
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In its GSFL shipment model, DOE considers specific market segments, or lamp purchase
events, to develop estimates of annual shipments. In the shipments model, DOE accounts for the
four market segments that correspond to the lamp purchase events that DOE uses in the life-
cycle cost (LCC) and payback period (PBP) analyses in Chapter 8. These include: lamp failure
(Event I), ballast failure (Event III), lamp-and-ballast system retrofit (Events Il and IV), and new
construction (Event V). For each market segment, DOE makes certain assumptions about how
consumers are likely to purchase new lamps or lamp-and-ballast systems. DOE uses these
purchasing assumptions to develop the GSFL shipment forecasts.

10.2.1.2 Lamp Replacement

For those consumer purchases triggered by a lamp failure, DOE assumes that the
consumer will purchase a lamp identical to the one that has retired, if it is available. If in the
standards-case, the base case lamp design is not standards-compliant (and therefore unavailable
as a replacement option), then DOE assumes consumers will purchase a new lamp that is
compatible with the existing ballast. If no standards-compliant lamps are compatible with the
consumer’s existing ballast, DOE models consumers as retiring their lamp-and-ballast system
before the ballast’s end of life. The consumer’s purchase decision is then identical to that of a
lamp-and-ballast system retrofit.

DOE establishes the timing of lamp replacements by tracking the shipments of lamps and
then predicting when lamps will retire based on their average service lifetime. Instead of using
each particular lamp design’s individual lifetime, DOE uses the each lamp’s lifetime and the
estimated distribution of lamp shipments by lamp design to establish an average lifetime for each
lamp type. DOE then used the distribution of operating hours in each sector (discussed in the
Energy Use Characterization, chapter 6 of this TSD) to predict the probability of lamp failing in
any given year. Based on this probability, DOE calculates the quantity of lamp shipments
required for lamp replacement,

10.2.1.3 Lamp-and-Ballast System Replacement (Ballast Failure and System
Retrofit)

For consumer purchases triggered by a ballast failure or lamp-and-ballast system retrofit,
DOE assumes that consumers will discard their existing lamps with the failed ballasts, even if
lamp life remains. Consumers will then purchase new lamp-and-ballast systems compatible with
their existing fixtures to replace their retired system.

Historical shipments and discussions with industry experts indicate that there are several
lamp-and-ballast replacement and retrofit trends within the GSFL market. DOE models these
trends in both the base case and standards-case shipment models. For example, in the
commercial sector, DOE models a natural shift upon ballast retirement and replacement from 4-
foot T12 medium bipin magnetic ballasts (1- and 2-lamps per ballast systems) to 4-foot T8
medium bipin electronic ballasts (3-lamp per ballast systems). Specifically, DOE assumes 90
percent of commercial 4-foot T12 medium bipin magnetic systems are replaced with 4-foot T8
medium bipin systems and 10 percent are replaced by 4-foot T12 medium bipin electronic
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systems. In the residential sector, DOE modeled a shift from 4-foot T12 magnetic ballasts to both
4-foot T12 magnetic systems and electronic systems in the base case, and, in the standards-case,
to 4-foot T8 systems as well. Specifically, in the residential base case, half of retiring 4-foot T12
magnetic systems are replaced by the same system, while the other half are replaced by 4-foot
T12 electronic systems. In the residential standards-case, as discussed in Section 10.4.1.3 and
shown in Table 10.56, 4-foot T8 systems begin to penetrate this market segment; they replace 25
percent, 35 percent, and 60 percent of the retiring 4-foot T12 magnetic systems at TSL1, TSL2,
and TSL3, respectively (T12 lamps are non-compliant at TSL4 and TSLS5 and therefore all T12
systems are replaced with T8 systems at TSL4 and TSL5). Half of remaining 4-foot T12

systems shipped at TSL1, TSL2, and TSL3 are magnetically ballasted and have are electronically
ballasted.

Similarly, in the commercial sector, DOE models a shift from 8-foot T12 single pin
slimline magnetic ballasts to 8-foot T8 and 8-foot T12 single pin slimline electronic ballasts, as
well as a system of two 4-foot T8 medium bipin electronic ballasts. Specifically, DOE assumes
80 percent of retired 8-foot T12 single pin magnetic systems are replaced by two 4-foot T8
medium bipin systems, 10 percent by 8-foot T8 single pin systems, and 10 percent by 8-foot T12
single pin electronic T12 systems.

Table 10.1 below presents the modeled lamp-and-ballast replacement trends. DOE also
modeled early (voluntary) retirement of lamp-and-ballast systems in the standards-case. Section
10.4.1.3 provides more details on the assumptions DOE makes regarding these retrofits.
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Table 10.1 Modeled GSFL Lamp-and-Ballast Replacement Trends

Retired Lamp-and-Ballast System

Replacement Lamp-and-Ballast System

4-foot T12 medium bipin (Commercial Sector)

(1- and 2-lamp per ballast system)

90% 4-foot T8 medium bipin
(3-lamp per ballast system)

10% 4-foot T12 electronic medium bipin
(one- and 2-lamp per ballast system)

4-foot T12 magnetic medium bipin (Residential Sector)

(1- and 2-lamp per ballast system)

50% 4-foot T12 electronic medium bipin
(one- and 2-lamp per ballast system)

50% 4-foot T12 magnetic medium bipin
(one- and 2-lamp per ballast system)

4-foot T8 medium bipin
(3-lamp per ballast system)

4-foot T8 medium bipin
(3-lamp per ballast system)

8-foot T12 single pin slimline
(2-lamp per ballast system)

10% 8-foot T8 single pin slimline
(2-lamp per ballast system)

10% 8-foot T12 single pin slimline
(2-lamp per ballast system)

80% 4-foot T8 medium bipin
(two 2-lamp per ballast systems)

8-foot T8 single pin slimline
(2-lamp per ballast system)

8-foot T8 single pin slimline
(2-lamp per ballast system)

8-foot T12 recessed double contact HO
(2-lamp per ballast system)

8-foot T12 recessed double contact HO
(2-lamp per ballast system)

8-foot T8 recessed double contact HO
(2-lamp per ballast system)

8-foot T8 recessed double contact HO
(2-lamp per ballast system)

4-foot TS5 miniature bipin SO
(2-lamp per ballast system)

4-foot T5 miniature bipinSO
(2-lamp per ballast system)

4-foot TS5 miniature bipin HO
(2-lamp per ballast system)

4-foot T5 miniature bipin HO
(2-lamp per ballast system)

DOE establishes the timing of ballast replacements in response to ballast failure by
tracking ballast shipments and then predicting when these ballasts are expected to retire based on
their service lifetime. DOE calculated average commercial and industrial ballast service lifetime
by dividing the average ballast lifetime in hours (established in the LCC) by average operating
hours. The service life in the commercial and industrial sectors is 14 years and 10 years,
respectively. For the residential sector, DOE used a 15-year service life, consistent with

measured life studies.

10.2.1.4 Lamp-and-Ballast System New Purchase (Fixture Replacement,
Renovation, and New Construction)

Finally, for consumer purchases triggered by fixture replacement, renovation, and new
construction, DOE assumes that consumers may purchase a variety of new lamp-and-ballast
systems to service their particular lumen demand. Because historical shipment data have shown



significant growth for only 4-foot T8 medium bipin and 4-foot TS miniature bipin SO systems,
DOE models all purchases due to new construction in the commercial sector as being one of
these two lamp-and-ballast systems. In the residential sector, DOE models only 4-foot medium
bipin systems for new construction. In the industrial sector, confidential historical shipments
show a declining number of 8-foot recessed double contact HO lamps. Therefore, DOE assumes
that all system purchases due to new construction in the industrial sector are either 4-foot T5
miniature bipin HO systems (another rapidly growing market) or other emerging substitution
technologies (e.g., light emitting diodes).

DOE modeled 4-foot T5 MiniBP SO and HO shipment growth based on a migration from
other product classes. DOE’s research indicated that shipment growth of 4-foot TS miniature
bipin SO lamps is primarily driven by a migration from the 4-foot medium bipin market. As this
migration requires the purchase of a new fixture, to establish 4-foot miniature bipin TS5 SO
shipments, DOE allotted a portion of the 4-foot medium bipin fixture replacement, renovation,
and new construction markets to 4-foot TS5 miniature bipin systems. To do this, DOE first
calculated the size of this potential market for new 4-foot TS MiniBP SO systems in each year.
DOE then determined the portion of this market that would actually be serviced by 4-foot T5
MiniBP SO lamps by calculating the share that resulted in TS shipments consistent with 2006
and 2007 historical data. DOE held this resulting percentage—approximately 12.5 percent of the
fixture replacement, renovation, and new construction market—constant throughout the analysis
period.

DOE developed 4-foot TS MiniBP HO lamp shipments by modeling a migration from
two different lighting markets. Similar to 8-foot recessed double contact HO systems, marketing
literature indicates a large portion of 4-foot MiniBP TS5 HO systems serve high-bay applications
due to their highly concentrated light output. Historical shipment data for 8-foot recessed double
contact HO lamps shows substantial declines in 2006 and 2007, indicating TS5 HO lamps may be
rapidly displacing them. In addition, DOE’s research indicated that a significant portion of 4-
foot T5 MiniBP HO growth can be attributed to their penetration into the high intensity
discharge (HID) lamp high-bay and low-bay markets. Therefore, to calculate the growth in 4-
foot MiniBP TS5 HO lamp shipments, DOE assumed that these systems were penetrating both the
8-foot recessed double contact HO and HID markets. Similar to its analysis for TS5 SO systems,
DOE established that the fixture replacement, renovation and new construction market segments
represent the available market for 4-foot MiniBP T5 HO systems. DOE obtained HID shipment
data from the HID determination, from which DOE calculated the total lumens servicing low bay
and high bay applications. Then, consistent with historical 4-foot T5 MiniBP HO and 8-foot
recessed double contact HO shipments, DOE assumed 4-foot TS MiniBP HO lamps fully
penetrate the 8-foot recessed double contact HO fixture replacement, renovation, and new
construction market segments, as well as HID new construction and renovation market segments.

DOE bases its shipment estimates due to new construction based on EIA’s AEO2008,
which estimates year-to-year commercial floor space and residential building growth. Because
the AEO2008 takes into account future trends in economic growth, DOE was able to incorporate
forecasts of macroeconomic conditions in its growth forecasts. However, because the AEO does
not provide industrial floor space forecasts, DOE used historical MECS floor space values to
establish a growth rate for the industrial sector.
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In addition to residential building growth, DOE also modeled a trend toward an
increasing number of 4-foot medium bipin T8 and T12 lamps per home. DOE conducted an
analysis to estimate the average number of T8 and T12 lamps in homes between 2005 and 2042.
Using California data on these lamps, which was broken out by home age,” DOE assumed that
the same number of T8 and T12 lamps per home would be installed in new homes as those
installed between 2001 and 2005, and that half of homes built before 2001 would be renovated
by 2042 to have the same number of T8 and T12 lamps as newly constructed homes. DOE
estimated that the average number of T8 and T12 per lamps home in 2005 was 4.5, and the
average number in 2042 will be 4.7. Combining this growth estimate of 4-foot medium bipin
lamps per home with AEO2008’s projected growth in the residential home stock yields an
average growth rate of 1 percent between 2006 and 2042 for GSFL in the residential sector.

10.2.2 Incandescent Reflector Lamps

Similar to DOE’s treatment of separate product classes based on CCT for GSFL, DOE
forecasts IRL shipments by aggregating across all IRL product classes (standard-versus
modified-spectrum, high-versus-low voltage, and high-versus-low diameter). In each of these
cases of aggregation, DOE used a representative product class (standard-spectrum, low-voltage,
high-diameter IRL) to evaluate lamp designs. DOE believes that the national impacts will be
similar for other product classes not directly analyzed. By aggregating the product classes, DOE
assumes that there will be no significant migration of shipments or stock between lamps in
different product classes.

The IRL shipments model forecasts IRL socket growth in both the commercial and
residential sectors, reflecting new construction in each sector. As with GSFL, DOE uses EIA’s
AEO2008 to project residential building stock growth and commercial floor space growth.
Additionally, in the residential sector, DOE models a trend toward an increasing number of
sockets per home. DOE conducted an analysis that estimated the average number of recessed
cans in homes between 2005 and 2042. Using California data on recessed cans per home, broken
out by home age’, DOE assumed new homes constructed after 2005 would install the same
number of recessed cans per home as homes constructed between 2001 and 2005. DOE also
assumed that half of the homes constructed before 2001 would be renovated by 2042 to have an
equal number of recessed cans per home as newly constructed homes. DOE estimated the
distribution of homes by age using U.S. Census data on new building starts in the residential
sector’. DOE estimated new construction and the number of future homes constructed in each
year from EIA’s AEO2008. Using this data, DOE estimated that the average number of recessed
cans per home in 2005 was 4.82 and the average number of recessed cans in homes in 2042
would be 8.52. Finally, to estimate the socket growth rate in each year, DOE multiplied the
number of recessed cans in homes by the projected stock of homes in each year according to
EIA’s AEO2008. Combining these two sources, DOE predicts an average growth rate of 2.6
percent between 2006 and 2042. The model ships lamps every year to replace retiring lamps and
to meet growth in the stock of lamps. DOE models lamp designs based on three lumen packages
in the commercial and residential sectors: 630, 1,050 and 1,310 lumens (Im). Consumers who
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purchase lamps with a particular lumen package in the base case generally purchase lamps with
that same lumen package in the standards-case.

Similar to the GSFL shipments forecast, DOE establishes the timing of lamp
replacements by tracking lamp shipments and then predicting when those lamps will retire based
on their service lifetimes. As discussed in the LCC and PBP analysis (Chapter 8), DOE
calculates the service lifetimes of lamps by dividing the lamp lifetime in hours by the annual
operating hours. As discussed in the energy use characterization (Chapter 6), DOE uses five
different operating hours to characterize the usage of incandescent reflector and reflector
compact fluorescent lamps in the residential sector. By using different operating hours, DOE
effectively varies the service lives of the modeled lamps, thereby affecting shipments.

10.3 BASE CASE INPUTS AND FORECASTS

This section does the following: 1) describes the two base case scenarios DOE employs
in its analysis and the base case input market-share matrices for GSFL and IRL; 2) presents the
base case forecasts for each lamp type along with historical lamp shipments data; and 3) presents
base case forecasts for each lamp type with each lamp design and lamp-and-ballast design. The
base case input market-share matrices correspond to the matrices introduced above in Section
10.2.

10.3.1 Base Case Scenarios Analyzed

DOE recognizes that rapidly emerging new lighting technologies could penetrate GSFL
and IRL markets and significantly affect shipment forecasts. These technologies, such as
reflector compact fluorescent lamps (R-CFL), ceramic metal-halide (CMH), and light-emitting
diodes (LEDs), already are, or eventually will be, significantly more efficacious and longer
lasting than the lamps they replace. If these emerging technologies achieve their potential, they
may significantly affect the benefit calculations from efficiency standards. However, to calculate
NES and NPV change do to emerging technologies, DOE would need to accurately forecast the
anticipated price and performance points of each emerging technology—a difficult and highly
speculative task. Because of this high degree of uncertainly, DOE chose to analyze two base
case scenarios for both GSFL and IRL: 1) “Existing Technologies” and 2) “Emerging
Technologies.” DOE believes evaluating two base case scenarios will more completely and
transparently characterize the uncertainty in estimating emerging technologies’ market
penetration and the consequent impact on NPV and NES. Incorporating emerging technologies
in the base case does not affect the relative benefits of each TSL and prevents uncertain
projections of market share, price, or performance from obscuring the benefits derived from
more efficient GSFL and IRL alone.

The assumptions and methodology that drive these scenarios vary slightly between GSFL
and IRL, and the details specific to each are described in section 10.3.2 and 10.3.3, respectively.
In general, DOE calculated the market penetration of each of the analyzed emerging technologies
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in each year from 2006 through 2042, assessing each sector separately. DOE determined the
market penetration of the technology option that achieved the highest level of penetration in each
year in each sector. DOE then decreased the analyzed market size in each year in each sector by
the amount that corresponded to the highest level of market penetration achieved by a
technology. For example, in the Emerging Technologies base case scenario, DOE effectively
reduced the 2042 IRL residential market size by 60 percent to reflect expected LED market
penetration, which was the highest of all analyzed emerging technologies.

For its base case analysis, DOE estimated the market penetration of three specific
technologies into the projected installed stock: LED lamps, CMH lamps, and reflector CFL. In
general, the Existing Technologies scenario only considers the market penetration of
technologies that have reached maturation in terms of price and efficacy. Specifically, R-CFL is
the only technology that DOE considered in the Existing Technologies scenario, and only within
the IRL market. For GSFL, no technologies outside those covered by this rulemaking were
analyzed in the Existing Technologies scenario.

The Existing Technologies scenario assumes more limited penetration of other higher
efficacy products than the Emerging Technologies scenario. Thus, the Existing Technologies
scenario will yield greater NES than the Emerging Technologies scenario because the latter
assumes a base case in which annual stocks comprise a greater level of higher efficacy products.
Therefore, the efficacy differential between those products and those in the standards-case will
be smaller than the differential between Existing Technologies (lower efficacy products) and the
standards-case products.

In the Emerging Technologies scenario, DOE attempts to forecast the market penetration
of both mature technologies and those technologies that are still undergoing significant changes
in price and efficacy. Specifically, DOE considered the market penetration of R-CFL, LED
lamps, and CMH lamps in the Emerging Technologies scenario.

DOE generally followed a 5-step process for each scenario to estimate the market
penetration of the analyzed technologies and account for their impact on NES and NPV.

First, DOE developed price, performance, and efficacy forecasts for each of the analyzed
technologies. Second, using those estimates, DOE calculated the payback period (PBP) of each
technology in the relevant sector using the difference between its purchase price, annual
electricity cost, and annual lamp replacement cost relative to the lamp it replaces. Specifically,
DOE uses the following formula to calculate simple PBP:

— APurchase Price ($/klm)
AAnnual Electricity Cost ($/klm/yr) + AAnnual Lamp Re placement Cost ($/klm/y

SimplePayback =

Where:
- The A represents the difference between the two lamp options compared.
- Purchase Price includes the lamp price, and, in the case of the new and retrofit
markets, the fixture price.
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- Annual Electricity Cost is a function of the mean annual operating hours and
efficacy for each lamp option, the electricity price, and the lumen demand.

- Annual Lamp Replacement Cost is a function of the mean lamp life, annual
operating hours, and lamp price, as well as labor charge.

Third, DOE used the relationship between PBP and market penetration to predict the
market penetration of each technology in the relevant sector in every year from 2006 to 2042.
The relationship, which was used to estimate the penetration of solid-state lighting in a DOE
report, predicts the market penetration based on the PBP of a technology. DOE assumed this
relationship is valid for other emerging lighting technologies. That is, given a PBP of a certain
duration, a technology can be expected to achieve a certain market penetration; the higher the
PBP, the greater the expected market penetration. DOE used a 5-year average of the market
penetrations predicted by the relationship as its final market penetration. The 5-year average
represents the time DOE assumed it takes products with lower PBPs to penetrate the market.

Fourth, when necessary, DOE applied a scaling factor to the predicted market penetration
to account for observed market trends. Fifth, as stated above, DOE reduced the projected
installed stock of covered products in each year by the value that corresponded to the highest
level of market penetration achieved in each year by one of the analyzed technologies. Thus, R-
CFL and emerging technologies have the effect of lowering the energy savings of a potential
new standard. For those covered lamps remaining, the cost effectiveness of LCC savings and
thus the relative cost effectiveness of each TSL is not affected.

10.3.2 General Service Fluorescent Lamps

10.3.2.1 Base Case Scenarios

For the GSFL Existing Technologies scenario, DOE analyzes only the fluorescent
technologies covered by the rulemaking because it believes that no mature technologies in the
current market show the potential to significantly penetrate the GSFL market. (TS5 lamps, a
rapidly growing market, are considered in the analysis as covered products). In the GSFL
Emerging Technologies scenario, however, DOE separately considered the potential market
penetration of two technologies: 1) LED (into the commercial, residential, and industrial
sectors), and 2) CMH (into the commercial and industrial sectors).

For its analysis of LED market penetration, DOE found a commercially available retrofit
kit that included a LED replacement for a 4-foot medium bipin lamp-and-ballast system. DOE
used the retrofit kit as a current baseline from which to project future cost, efficacy and price
points. DOE interviewed an integrated circuit manufacturer to develop cost estimates for LED
driver circuits. For cost estimates of other components, DOE used prices of existing LED
products already on the market, which it modified in accordance with cost data and efficacy
projections from DOE’s Solid State Lighting Multi-Year Program Plan.” Lastly, after applying a
markup based on currently available LED lamps, DOE arrived at price and efficacy projections
for the LED luminaire in the retrofit kit®. For further detail on DOE’s price and efficacy
forecasts of potential LED replacements, see appendix 10C of the TSD. Following the 5-step
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process described above, DOE calculated a 41 percent market penetration rate of LED lamps into
the 4-foot GSFL commercial sector by 2042. In the residential sector, the LED option did not
have a low enough payback period to result in any market penetration. DOE assumed LED
lamps penetrated only the new construction, renovation, and fixture replacement markets
because these lamps would require their own specific fixtures.

DOE also analyzed the potential penetration of CMH into the GSFL market. DOE first
estimated current CMH prices using a methodology similar to the methodology it used to
estimate GSFL and IRL prices, as described in the product price determination. (See TSD
chapter 4.) Industry experts informed DOE that CMH efficacies and lifetimes would increase
over the next several years while prices would remain constant. Applying these lifetime and
efficacy projections, DOE compared CMH replacements to GSFL systems. As a result, DOE
assumed no market penetration CMH because it found that TS lamp systems (standard output
and high output) would always be more less costly and more efficacious than projected CMH
replacements. Given this information, DOE believes that it is likely that migration to CMH
(from the GSFL market) will be dominated by the migration to standard and high output TS
lamps.

10.3.2.2 Historical Shipments

As discussed in Chapter 3, DOE received 2001-t0-2005 historical shipments from NEMA
for 4-foot medium bipin, 8-foot single pin slimline, and 8-foot recessed double contact HO
lamps. DOE also received confidential 2001-to-2005 shipments of 4-foot MiniBP T5 SO and
HO lamps, and confidential shipment data for 2006 and 2007 for all lamp types. These
shipments were broken down by lamp length, diameter, shape, and high output. Because DOE
received confidential-only shipments for 4-foot TS MiniBP SO and HO GSFL, DOE calculated
historical shipments of these lamps based on the assumption that they represented 2 percent of
the market in 2004, a figure that grew in 2005.” DOE assumed the T5 market is split evenly
between standard output and high output. Recognizing that these shipment estimates reflect only
the shipments of NEMA members, DOE increases these estimates to account for the volume of
GSFL that non-NEMA lamp companies import or manufacture. DOE believes that these NEMA
shipments represent about 90 percent of the GSFL market. Table 10.2 provides historical GSFL
shipments estimates for the entire U.S. market.

Table 10.2 GSFL Total Historical Shipments (millions)

Year 4—foot T12 _4—foo'§ 'I_'8 8-foot _T12_sin_gle 8—foo? T8 .sin_gle 8-foot T12 8-foot T8

medium bipin | medium bipin pin slimline pin slimline RDC HO RDC HO
2001 236.2 1824 48.1 4.9 26.5 0.7
2002 228.9 181.8 46.0 5.9 27.1 0.6
2003 202.1 1914 41.3 5.8 26.9 0.5
2004 1954 2174 40.3 6.4 27.3 0.7
2005 180.7 239.5 37.4 5.8 28.3 04
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10.3.2.3 Calculation of Installed Stock in 2005

DOE calculates lamp and ballast stocks in 2005 of T8 and T12 4-foot medium bipin
GSFL, 8-foot single pin slimline GSFL, and 8-foot recessed double contact HO using historical
shipment data from NEMA. DOE calculates the 2005 lamp stock by summing backward from
2005 for the years that correspond to the service lifetime (i.e., the lifetime in hours divided by
operating hours per year) of each lamp type. DOE disregards the 2005 stock of 8-foot T8
recessed double contact HO lamps in its analysis because the stock was relatively small.

As for the 4-foot TS5 MiniBP SO and HO lamps, DOE did not receive public historical
shipments data therefore followed slightly different methodology to calculate their installed 2005
stock. First, DOE first estimated 2001-to-2005 shipments based on assumptions derived from its
market research and supported by manufacturer interviews. As discussed above, market
literature indicated that 4-foot MiniBP T5 lamps represented 2 percent of the 2004 GSFL market,
a figure DOE assumed for its analysis. DOE’s research also indicated that the combined market
share of 4-foot MiniBP T5 SO and HO lamps was growing as a percentage of the overall GSFL
market. Additionally, manufacturers estimated in interviews that current 4-foot MiniBP T5
shipments are split evenly between standard output and high output lamps. Using these
assumptions, DOE generated historical shipment estimates for 2001 to 2005. It used these
shipments estimates to calculate the initial stock of 4-foot MiniBP SO and HO lamps in the same
manner it does for all other GSFL product classes. DOE models 4-foot MiniBP T5 shipments to
be half standard output and half high output. (However, due to differing lifetimes, this does not
imply an equal installed stock for each product class.) Finally, DOE received confidential
aggregated (both SO and HO) TS5 lamp shipment data from NEMA for 2001 to 2007. DOE used
this data to validate its installed stock estimates.

As it relates to the residential sector, DOE calculated the initial stock of 4-foot medium
bipin T12 lamps using the lamps sold through the DIY distribution chain, which accounted for
approximately 25 percent of NEMA’s historical shipments. Next, DOE assumed 20 percent of
those DIY sales went to small commercial consumers, with the remaining 80 percent apportioned
to the residential sector. As a result, DOE assumed 20 percent of all 4-foot medium bipin
shipments went to the residential sector and all of those were T12 lamps. From those shipments,
DOE calculated the residential installed stock and then modeled new construction, renovation,
and fixture/ballast replacement in the same manner described in section 10.2.1.

Using the 2005 lamp stocks, DOE calculated the installed ballast stocks by dividing the
total stocks of lamps by the number of lamps per ballast system. Finally, to accurately forecast
lamp and ballast shipments, DOE established a ballast age distribution for the installed ballast
stocks using trends in ballast shipments, calibrated to shipment data for 2006 and 2007. Because
historical shipments indicate that the 8-foot recessed double contact HO market is relatively flat,
DOE uses a constant ballast age distribution for these ballast systems.

Based on manufacturer interviews, DOE assumes historical 4-foot T12 medium bipin, 8-
foot T12 single pin slimline, and 8-foot T12 recessed double contact GSFL represent lamp
shipments for installation on magnetic ballasts. DOE assumes that historical shipments of all
other GSFL represented lamps shipped for installation on electronic ballasts. DOE establishes
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the corresponding ballast age distributions based on the decline in magnetic ballast shipments
obtained from 2002 and 2005 U.S. Census Bureau data.®’ Table 10.3 provides lamp and ballast
stocks in 2005 for all analyzed GSFL.

Table 10.3 2005 Lamp and Ballast Stocks (millions)

Ballasts Ballasts .
Lamp | Ballast | in First Halfway Ballasts in
System Type Sector Stock Stock Year of throu_gh Last Ye_ar
Service $er\_/|ce of Service
Lifetime*
4-foot T8 MBP Commercial | 1,016.0 338.7 40.1 25.1 3.8
4-foot T12 MBP Commercial 525.3 175.1 2.1 10.2 15.7
4-foot T12 MBP Residential 1,333.4 666.7 44 .4 44 .4 44 .4
8-foot T8 SP slimline Commercial 21.9 11.0 0.7 0.7 0.8
8-foot T12 SP slimline Commercial 125.0 62.5 1.8 3.8 7.0
8-foot T8 RDC HO Industrial 60.2 30.1 2.9 2.9 2.9
8-foot T12 RDC HO Industrial 0.0 0.0 0.0 0.0 0.0
4-foot T5 MiniBP SO Commercial 28.1 14.1 2.3 1.1 0
4-foot T5 MiniBP HO Industrial 19.7 9.9 1.9 1.1 0

* Fifth year of service for 8-foot recessed double contact HO and 4-foot TS HO systems and seventh year of
service for all other system types.

10.3.2.4 Base Case Market-Share Matrices

As discussed in the engineering analysis (Chapter 5) and the LCC and PBP analyses
(Chapter 8), consumers have a variety of choices in lamp and lamp-and-ballast systems. When
choosing lighting systems, consumers often make their choices considering lamp attributes such
as lifetime, efficacy, price, lumen output, rated wattage, and total system power. As discussed
earlier, the shipments for GSFL depend on such input assumptions as lamp lifetime and system
lumen output. In addition, other lamp or lamp-and-ballast system properties such as price and
energy consumption are key inputs to the NES and NPV calculations. Therefore, within each
product class, DOE believes it is necessary to directly account for the mix of technologies that
consumers select in the base case and standards-case. To account for the range of possible
consumer choices, DOE develops and populates technology market-share matrices. These
market-share matrices allocate percentage market shares to each lamp-and-ballast design for the
base case and standards-case by proportioning shipments. As discussed in the NIA (Chapter 10),
the base case and standards case efficacy forecasts also depend on the market-share matrices.

The GSFL shipments model incorporates several separate market-share matrices to
characterize shipments of lamps and lamp-and-ballast systems at different times during the
analysis period. Because the lamp design technology mix may change over time, DOE defines
separate market-share matrices for systems purchased in 2012 and earlier and for systems
purchased in 2042 for each analyzed system type (e.g., 4-foot T8 medium bipin). To determine
the technology mix of the shipments for the intermediate years of the analysis period, DOE used
a linear progression from 2012 to 2042. For each lamp type and market-share matrix, DOE
generates the lamp-and-ballast designs by pairing each lamp design (as presented in Chapter 5)

10-13



with commercially available ballasts that exhibit the most common ballast factors. This
produces both energy-saving and non-energy-saving options.

Table 10.4 through Table 10.14 illustrate the base case market-share matrices for GSFL.
DOE developed the percentage inputs to these matrices based on discussions with manufacturers
and industry experts. In addition, DOE analyzed the quantities of commercially available
products to develop the breakdown of percentage shipments by lamp efficacy. As Table 10.4,
Table 10.8, Table 10.10, and Table 10.12 indicate, DOE assumes that in the base case, the
technology mix of 4-foot T8 medium bipin (in the commercial sector only), 8-foot T8 single pin
slimline, and 8-foot T12 recessed double contact HO lamp-and-ballast generally migrates to
higher efficacy and lower ballast factors over the analysis period. DOE assumes the distribution
of other lamp types remain constant over the analysis period.
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Table 10.4 Base Case Market-Share Matrix for Four-Foot T8 Medium Bipin Systems in
the Commercial Sector

Mix of Mix of
Lamp Lamp Lamp System | Installed Systems Systems
EL | Efficacy | Wattage | Lifetime Ilnput '-a!“p _Purchased Purchased
ower Price in 2012 and :
Earlier in 2042
Im/W* W hrs W $ % %

2 86.2 32.5 20,000 86.8 3.93 49% 20%
3 90.8 32.5 20,000 86.8 4.96 25% 3%
4 92.3 325 24,000 86.8 5.10 6% 0%
§ 4 93.8 30.0 20,000 80.4 5.39 1% 10%
4 93.0 25.0 30,000 66.5 6.64 2% 15%
5 95.4 32,5 24,000 86.8 5.63 4% 0%
5 96.0 28.0 18,000 69.7 5.19 3% 18%
§ 2 86.2 32,5 20,000 77.9 3.93 0% 0%
L% 3 90.8 32,5 20,000 77.9 4.96 2% 0%
}é 4 92.3 32,5 24,000 77.9 5.10 2% 2%
E’ § 4 93.8 30.0 20,000 72.2 5.39 0% 0%
2 4 93.0 25.0 30,000 59.4 6.64 1% 20%
% 5 95.4 32.5 24,000 77.9 5.63 0% 0%
ﬁ 5 96.0 28.0 18,000 67 5.19 0% 2%
2 86.2 325 20,000 71.7 3.93 0% 0%
3 90.8 325 20,000 71.7 4.96 2% 0%
4 92.3 32,5 24,000 71.7 5.10 2% 0%
5 4 93.8 30.0 20,000 66.4 5.39 0% 0%
4 93.0 25.0 30,000 54.5 6.64 1% 10%
5 95.4 32,5 24,000 71.7 5.63 0% 0%
5 96.0 28.0 18,000 61.6 5.19 0% 0%
Total 100 100

* Im/W = lumens per watt
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Table 10.5 Base Case Market-Share Matrix for Four-Foot T8 Medium Bipin Systems in
the Residential Sector

Mix of

Mix of
cu | o | eme | Lame | ot | Camp | purcnased | (1S

Power Price in 2012_ and in 2042

Earlier

Im/W* W hrs W $ % %

2 86.2 325 | 20,000 | 586 1.84 10 10%

3 90.8 325 | 20,000 | 586 2.88 5 5%

4 92.3 325 | 24,000 | 586 3.02 6 6%

B | 4 93.8 300 | 20,000 | 54.6 3.30 1 1%
4 93.0 250 | 30,000 | 454 4.56 2 2%

5 95.4 325 | 24000 | 586 3.54 0 0%

5 96.0 280 | 18,000 | 512 3.10 3 3%

5 2 86.2 325 | 20,000 | 516 1.84 10 10%
8 3 90.8 325 | 20,000 | 516 2.88 9 9%
|2 4 92.3 325 | 24000 | 516 3.02 2 2%
S| 4 93.8 300 | 20,000 | 489 3.30 0 0%
2 4 93.0 250 | 30,000 | 405 4.56 1 1%
= 5 95.4 325 | 24000 | 516 3.54 2 2%
m 5 96.0 280 | 18,000 | 45.6 3.10 0 0%
2 86.2 325 | 20000 | 468 1.84 29 29%

3 90.8 325 | 20000 | 468 2.88 15 15%

4 92.3 325 | 24000 | 468 3.02 2 2%

S| o4 93.8 300 | 20,000 | 44.9 3.30 0 0%
4 93.0 250 | 30,000 | 37.0 4.56 1 1%

5 95.4 325 | 24000 | 468 3.54 2 2%

5 96.0 280 | 18,000 | 417 3.10 0 0%

Total 100 100
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Table 10.6 Base Case Market-Share Matrix for Four-Foot T12 Medium Bipin Systems in
the Commercial Sector

System Installed Mix of Mix of
EL Lgmp Lamp Pamp Input Lamp Systems Systems
Efficacy | Wattage | Lifetime Power Price Purchased Pl_Jrchased
before 2011* in 2042
Im/W W hrs W $ % %
0 78.0 40 20,000 107.7 4.60 0 0
-0 77.9 34 20,000 91.7 3.68 58 58
‘=(g | 80.5 40 20,000 107.7 6.80 20 20
‘5': | 82.4 34 20,000 91.7 491 6 6
E | 82.9 40 24,000 107.7 8.35 8 8
§ 2 85.3 34 20,000 91.7 7.25 2 2
2 87.8 40 24,000 107.7 8.45 5 5
3 91.2 34 24,000 91.7 8.32 1 1
Total 100 100

*In 2010, the sale of magnetic 4-foot T12 medium bipin ballasts is banned.
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Table 10.7 Base Case Market-Share Matrix for Four-Foot T12 Medium Bipin Systems in

the Residential Sector

Mix of _

EL Lqmp Lamp gamp ﬁﬁ?ﬂ? Iqigiﬁd Piﬁ§$£:d gzgiﬁg

Efficacy | Wattage | Lifetime Power Price in 2011 Pl_Jrchased

and in 2042

Earlier

Lm/W W hrs W $ % %
0 76.8 40 15,000 70 1.99 38 38
1 80.5 40 20,000 70 4.72 7 7
1 82.4 34 20,000 60 2.82 0 0
. § 1 82.9 40 24,000 70 6.27 3 3
g 2 85.3 34 20,000 60 5.17 0 0
"ﬁ" 2 87.8 40 24,000 70 6.36 2 2
% 3 91.2 34 24,000 60 6.23 0 0
f, 0.65 0 76.8 40 15,000 58 1.99 37 37
§ 0.65 1 80.5 40 20,000 58 4.72 8 8
E 0.75 1 82.4 34 20,000 48 2.82 0 0
. 0.65 1 82.9 40 24,000 58 6.27 2 2
0.75 2 85.3 34 20,000 48 5.17 0 0
0.65 2 87.8 40 24,000 58 6.36 3 3
0.75 3 91.2 34 24,000 48 6.23 0 0
Total 100 100
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Table 10.8 Base Case Market-Share Matrix for Eight-Foot T8 Single Pin Slimline Systems

Mix of Mix of
gL | Lamp | Lamp | Lamp S}fSiT Inf;ﬂlsd pﬁyritﬁézid Systems
Efficacy | Wattage | Lifetime Power Price in 2012 and Pgrchased
Earlier In 2042
Im/W w hrs W $ % %
3 94.8 60.1 15,000 112.8 $6.31 40 6
4 98.2 60.1 15,000 112.8 $8.50 30 11
§ 5 101.5 60.1 18,000 112.8 $9.36 6 11
5 101.8 57.0 24,000 107.5 $8.69 5 6
§ 5 103.6 55.0 18,000 102.0 $8.29 5 6
8 30| 948 60.1 | 15000 | 109.1 | $631 3 7
g 4 98.2 60.1 15,000 109.1 $8.50 2 8
g § 5 101.5 60.1 18,000 109.1 $9.36 2 6
E 5 101.8 57.0 24,000 106.0 $8.69 0 6
% 5 103.6 55.0 18,000 98.5 $8.29 0 6
uij 3 94.8 60.1 15,000 100.4 $6.31 3 7
4 98.2 60.1 15,000 100.4 $8.50 2 8
g 5 101.5 60.1 18,000 100.4 $9.36 2 6
5 101.8 57.0 24,000 102.5 $8.69 0 3
5 103.6 55.0 18,000 90.2 $8.29 0 3
Total 100 100

Table 10.9 Base Case Market-Share Matrix for Eight-Foot T12 Single Pin Slimline

Systems
Mix of Mix of
Systems
System | Installed Systems
Lamp Lamp Lamp Purchased
EL : o Input Lamp Purchased
Efficacy | Wattage | Lifetime - before -
Power Price in 2042
2011*
Im/W W hrs W $ % %
- 0 85.6 75.0 12,000 135 $8.02 46 46
S| 87.3 750 | 12,000 | 135 | S$11.21 16 16
33
‘g 1 87.6 60.5 12,000 110 $5.60 15 15
B 2 | 920 750 | 15000 | 135 | $12.16 1 1
g 2 92.6 60.5 12,000 110 $7.94 15 15
3 97.5 60.5 15,000 110 $9.66 7 7
Total 100 100

*In 2010, the sale of magnetic 8-foot T12 single pin slimline ballasts is banned.
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Table 10.10 Base Case Market-Share Matrix for Four-Foot T8 Medium Bipin Systems

Re

lacing 8-foot T12 Single Pin Slimline Systems
EL La_lmp Lamp _Lam p SI¥]sFt)(lethn I an;?TI]I;d Sl\;sl'z(erc:s SI\;IS,ItXer?js
Efficacy | Wattage | Lifetime Power Price PL_Jrchased Pt_Jrchased
in 2012 in 2042
Im/W W hrs W $ % %
2 86.2 32.5 20,000 117.2 $4.91 49 20
3 90.8 32.5 20,000 117.2 $5.94 25
4 92.3 32.5 24,000 117.2 $6.08 6 0
§ 4 93.8 30.0 20,000 109.2 $6.37 1 10
4 93.0 25.0 30,000 90.8 $7.62 2 15
5 95.4 32.5 24,000 117.2 $6.61 4 0
5 96.0 28.0 18,000 102.4 $6.17 3 18
§ 2 86.2 32.5 20,000 103.2 $4.91 0
L% 3 90.8 325 20,000 103.2 $5.94 2
E 4 92.3 325 24,000 103.2 $6.08 2
;E‘ E 4 93.8 30.0 20,000 97.8 $6.37 0 0
2 4 93.0 25.0 30,000 | 81.0 $7.62 1 20
% 5 95.4 32.5 24,000 103.2 $6.61 0 0
ﬁ 5 96.0 28.0 18,000 91.2 $6.17 0 2
2 86.2 32.5 20,000 93.6 $4.91 0 0
3 90.8 32.5 20,000 93.6 $5.94 2 0
4 92.3 32.5 24,000 93.6 $6.08 2 0
E 4 93.8 30.0 20,000 89.8 $6.37 0 0
4 93.0 25.0 30,000 74.0 $7.62 1 10
5 95.4 32.5 24,000 93.6 $6.61 0 0
5 96.0 28.0 18,000 83.4 $6.17 0 0
Total 100 100
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Table 10.11 Base Case Market-Share Matrix for Eight-Foot T8 Recessed Double Contact
High Output Initial and New Ballast Systems

Mix of Mix of
System | Installed Systems
Lamp Lamp Lamp Systems
EL . o Input Lamp Purchased
Efficacy | Wattage | Lifetime . . Purchased
Power Price in 2012 and in 2042
Earlier
Im/W W hrs W $ % %
- 4 91.9 86 24,000 160.0 $9.92 10 10
(%]
‘=;‘ § 4 93.0 86 18,000 | 160.0 | $10.09 45 45
ﬁ § 5 95.3 86 18,000 160.0 $11.53 45 45
= Q
§ £ 4 91.9 86 24,000 151.0 $9.92 0 0
g 0;0' 4 93.0 86 18,000 151.0 $10.09
w
5 95.3 86 18,000 151.0 $11.53
Total 100 100
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Table 10.12 Base Case Market-Share Matrix for Eight-Foot T12 Recessed Double Contact
High Output Initial and New Ballast Systems

Mix of Mix of
System | Installed Systems
EL Lamp Lamp Lamp Input Lamp Purchased Systems
Efficacy | Wattage | Lifetime Power Price in 2012 and Pl_Jrchased
Earlier in 2042
Im/W W hrs W $ % %
0 80.1 113 12,000 237.0 $9.79 20 5
0 82.5 97 12,000 203.0 $6.88 7 3
o 1 83.2 113 12,000 237.0 $15.56 11 13
© 2 86.1 97 12,000 203.0 $9.95 11
3 87.6 97 12,000 203.0 $16.11 6 12
o 3 88.9 97 12,000 203.0 $16.42 3 6
% 0 80.1 113 12,000 205.4 $9.79 10 2
LEL 0 82.5 97 12,000 177.0 $6.88 4 2
‘=(§ o 1 83.2 113 12,000 205.4 $15.56 5 6
2 S 2 86.1 97 12,000 177.0 $9.95 2 5
§ 3 87.6 97 12,000 177.0 $16.11 3 7
E 3 88.9 97 12,000 177.0 $16.42 2 4
. 0 80.1 113 12,000 211.5 $9.79 9 2
0 82.5 97 12,000 185.6 $6.88 4 1
= 1 83.2 113 12,000 2115 $15.56 5 6
© 2 86.1 97 12,000 185.6 $9.95 2 5
3 87.6 97 12,000 185.6 $16.11 3 6
3 88.9 97 12,000 185.6 $16.42 1 4
Total 100 100
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Table 10.13 Base Case Market-Share Matrix for Four-Foot T5 Standard Output Initial
and New Ballast Systems

Mix of Mix of
System | Installed Systems
EL Lamp Lamp Lamp Input Lamp Purchased Systems
Efficacy | Wattage | Lifetime . . Purchased
Power Price in 2012 and .
- in 2042
Earlier
Im/W W hrs W $ % %
0 86.0 27.8 20,000 70.7 $4.69 14 14
0 1 104.3 27.8 20,000 70.7 $6.58 19 19
. < 2 109.7 27.8 20,000 70.7 $7.68 5 5
% 2 111.5 26 25,000 67.5 $7.43 3 3
':m'; 0 86.0 27.8 20,000 63.6 $4.69 7 7
% 3 1 104.3 27.8 20,000 63.6 $6.58 18 18
2 - 2 109.7 27.8 20,000 63.6 $7.68 5 5
§ 2 111.5 26.0 25,000 59.6 $7.43 3
3 0 86.0 27.8 20,000 58.9 $4.69 0 0
w
= 1 104.3 27.8 20,000 58.9 $6.58 18 18
S 2 109.7 27.8 20,000 58.9 $7.68 5 5
2 111.5 26.0 25,000 54.4 $7.43 3 3
Total 100 100

Table 10.14 Base Case Market-Share Matrix for Four-Foot T5 High Output Initial and

New Ballast Systems
Mix of
Systems Mix of
TSL Lamp Lamp Lamp S?;]StzT Ir:_s;ﬂled Purchased Systems
Efficacy | Wattage | Lifetime P mp in 2012 Purchased
Power Price -
and in 2042
Earlier
Im/W W hrs W $ % %
2 0 76.0 53.8 20,000 120.0 $5.22 20 20
c 9 =
cw 2l 8
5T 3 I 1 92.9 53.8 20,000 120.0 $7.73 65 65
20w
- 1 98.0 51.0 25,000 117.0 $9.92 15 15
Total 100 100

shipments forecasts from 2012 to 2042, modeled from the 2005 installed stock based on 2001-to-

10.3.2.5 Base Case Forecast Results

Figure 10.3.1, Figure 10.3.2, Figure 10.3.3, and Figure 10.3.4 present the base case
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2005 historical shipments. Figure 10.3.1, Figure 10.3.2, Figure 10.3.3, and Figure 10.3.4
correspond to 4-foot medium bipin shipments, 8-foot single pin slimline shipments, 8-foot
recessed double contact HO shipments, and 4-foot TS SO and HO, respectively. Each figure
shows both the Existing Technologies and Emerging Technologies scenarios.

In accordance with historical shipment data, Figure 10.3.1 shows a decline over the
analysis period in shipments of 4-foot T12 medium bipin lamps. These retired 4-foot T12
medium bipin lamp-and-ballast systems are replaced with 4-foot T8 medium bipin lamp-and-
ballast systems upon ballast retirement. A decline in the commercial sector accounts for the
majority of the reduction of the 4-foot T12 lamp shipments. As discussed earlier, DOE forecasts
that 90 percent of retiring 3-lamp 4-foot T12 magnetic systems are replaced by one- and 2-lamp
electronic 4-foot T8 systems, while 10 percent are replaced with the same 3-lamp T12 magnetic
systems. DOE also forecasts that 80 percent of retired 8-foot T12 single pin slimline systems
will be replaced with 4-foot T8 medium bipin lamp systems, which accounts for much of the
increase in T8 systems. Along with the 4-foot T8 systems purchased to meet demand from the
new construction, fixture replacement and renovation markets, this accounts for the increase in
4-foot T8 medium bipin shipments through the analysis period. Four-foot T12 systems remain
present throughout the analysis period as they are shipped as replacements on magnetic ballasts
in the residential sector. Additionally, 10 percent of retired 8-foot T12 single pin slimline
systems will be replaced with electronic 4-foot T12 medium bipin systems in the commercial
sector.

For 4-foot T8 lamps, the penetration of LED lamps in the base case is represented by the
difference between the Emerging and Existing Technologies scenarios. As discussed previously,
DOE’s analysis showed no market penetration of LED lamps into the residential market.
Furthermore, the available market for emerging technologies is composed of fixture replacement,
renovation, and new construction. Because T12 lamps are only shipped in ballast replacement
and lamp replacement events, there is no modeled impact of emerging technologies with regard
to 4-foot T12 systems. Thus, 4-foot T12 shipments are equivalent in each base case scenario.
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Figure 10.3.1 Four-Foot Medium Bipin Historical and Base Case Forecasted Shipments

(Existing and Emerging Technologies Scenarios)
* MBP = medium bipin
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In accordance with historical shipment data, Figure 10.3.2 shows a decline in shipments
of 8-foot T12 single pin slimline lamps. Eighty percent of these retired 8-foot T12 single pin
slimline lamp-and-ballast systems are replaced with 4-foot T8 medium bipin systems, which is
reflected in the decline illustrated below. Of the remaining 20 percent of retiring systems, 10
percent are replaced by 8-foot T8 single pin slimline lamp-and-ballast systems upon ballast
retirement while 10 percent remain 8-foot T12 systems. This accounts for the growth in 8-foot
T8 single pin slimline lamp shipments until 2018, when a declining stock of retiring 8-foot single
pin slimline T12 lamps no longer generates enough T8 replacements to maintain positive growth
in T8 shipments. Eight-foot single pin slimline systems do not penetrate any of the new
construction, renovation, and fixture replacement markets, which DOE assumes are serviced by
4-foot T8 medium bipin, 4-foot TS5 standard output systems, and other emerging technologies,
such as LED (in the Emerging Technologies scenario). Thus, the Emerging and Existing
Technologies base cases are therefore equivalent for 8-foot single pin slimline lamps.

60 ——8-foot T8 SP Historical Shipments
8-foot T12 SP Historical Shipments
—a—8-foot T8 SP Existing BC Forecast
SO ——8-foot T8 SP Emerging BC Forecast
8-foot T12 SP Existing BC Forecast
8-foot T12 SP Emerging BC Forecast
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Figure 10.3.2 Eight-Foot Single Pin Slimline Historical and Base Case Forecasted

Shipments (Existing and Emerging Technologies Scenarios)
* SP = single pin
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Figure 10.3.3 shows that 8-foot T12 recessed double contact HO lamp shipments decline
rapidly in the base case, which reflects a continuation of confidential shipments data. As
discussed earlier, DOE decided not to model the 2011 stock of 8-foot T8 recessed double contact
HO lamps, resulting in zero forecasted shipments in the base case. The decline is due to existing
technologies that DOE believes are penetrating the fixture replacement, new construction, and
renovation markets. DOE assumed most lighting systems purchased due to new construction are
4-foot TS5 HO or other existing technologies such as HID. Therefore, the Emerging and Existing
Technologies are the equivalent for the 8-foot recessed double contact high output product class.

30 - —8-foot T8 RDC HO Historical Shipments
8-foot T12 RDC HO Historical Shipments
—=—8-foot T8 RDC HO Existing BC Forecast
25 ——8-foot T8 RDC HO Emerging BC Forecast
8-foot T12 RDC HO Existing BC Forecast
8-foot T12 RDC HO Emerging BC Forecast
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Figure 10.3.3 Eight-Foot Recessed Double Contact High Output Historical and Base Case

Forecasted Shipments (Existing and Emerging Technologies Scenarios)
* RDC = recessed double contact, HO = high output
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In accordance with confidential shipment data, Figure 10.3.4 depicts increasing
shipments of 4-foot T5 standard output and high output lamps. DOE allotted a portion of the 4-
foot MBP fixture replacement, renovation, and new construction markets to 4-foot TS5 SO
systems, driving the increase in SO shipments. Similarly, DOE assumed 4-foot TS HO systems
completely penetrate the 8-foot RDC HO market, which accounts for the former’s increase over
the analysis period. In the Existing Technologies scenario, four-foot TS SO shipments slightly
exceed those in the Emerging Technologies scenario because SO lamps are modeled to service
new construction, fixture replacement, and renovation events which are being penetrated by LED
lamps in the Emerging Technologies scenario. This yields a smaller stock of systems to migrate
to 4-foot TS5 SO lamps. For 4-foot T5 high output lamps, the Emerging and Existing
Technologies scenarios are equivalent because DOE’s analysis found that these lamps would
always be more cost effective than CMH alternatives. Thus, there is no penetration of emerging
technologies into the 4-foot T5 high output market. SO are coming from commercial new
construction, fixture replacements, and renovation.

120
—&— 4-foot T5 SO Existing BC Forecast

——4-foot T5 SO Emerging BC Forecast
—4&— 4-foot T5 HO BC Forecast /
